Objective. To evaluate the efficacy and safety of CT-P10, a rituximab biosimilar after a single switch, during a multinational, randomized, double-blind Phase 3 trial involving patients with RA.
Introduction
B cells play a fundamental role in the pathogenesis of RA, through autoantibody-dependent and -independent mechanisms [1, 2] . Rituximab, a monoclonal antibody against the B-cell surface-antigen CD20, exerts its therapeutic effects via immune-mediated cytotoxicity, direct induction of apoptosis, and subsequent depletion of CD20-positive B cells [3] . Rituximab, in combination with MTX, can reduce clinical symptoms and signs of RA [46] and is approved for patients with moderate-tosevere RA who show an inadequate response or intolerance to anti-TNF agents [7, 8] . Available from the original manufacturer, Roche (Welwyn Garden City, UK) in Europe and Genentech, Inc. (South San Francisco, CA, USA) in the USA, rituximab is also approved in non-Hodgkin's lymphoma (NHL), chronic lymphocytic leukaemia, granulomatosis with polyangiitis and microscopic polyangiitis [7, 8] . CT-P10 (CELLTRION, Incheon, Republic of Korea) is a rituximab biosimilar approved in several regions or countries [9, 10] . To gain regulatory approval, a biosimilar must demonstrate that it exhibits no clinically meaningful differences from its reference product, in terms of quality, safety and efficacy [11, 12] . A comprehensive, stepwise approach is recommended, starting with analytical, in vitro and/or non-clinical in vivo studies, and concluding with clinical studies evaluating pharmacokinetics (PK), pharmacodynamics (PD), efficacy, immunogenicity and safety [13] . Comparisons with the reference product at each of these steps inform the type and extent of data required at the next step. Overall, it is the 'totality of evidence' that informs regulatory decisions, although approval usually requires proof of statistical equivalence of the biosimilar and reference product in terms of PK and efficacy, as well as a demonstration of comparable safety profiles [11, 12] . For CT-P10, a Phase 1 study in patients with active RA demonstrated equivalent PK to Europeansourced rituximab (EU-RTX) with no substantial differences in efficacy, PD, immunogenicity or safety [14] . Two Phase 3 studies in patients with NHL also showed no clinically meaningful differences between CT-P10 and US-sourced rituximab (US-RTX) [15, 16] .
Here, and in two previous reports [17, 18] , we present the results of a multinational, double-blind, active-controlled Phase 3 study involving patients with active RA initially randomized to CT-P10, US-RTX, or EU-RTX (ClinicalTrials.gov identifier: NCT02149121). This study consisted of two periods: a main period of two treatment courses and an extension period of one additional course. For the first course of study treatment, PK and efficacy equivalence of CT-P10 and US-RTX or EU-RTX were demonstrated by achieving predefined endpoints at week 24 [17] . Follow-up of patients eligible for a second course of their allocated study treatment (administered on weeks 24 and 26) until week 48 showed that CT-P10 and RTX were similar in terms of efficacy, PK, PD, immunogenicity and safety [18] . On completion of this main period, patients could enter an extension period from week 48 to week 72. Here we report results of the extension period, which evaluated the efficacy, PD, immunogenicity and safety of CT-P10 after a single switch from either US-RTX or EU-RTX, and in patients maintained on CT-P10 or US-RTX.
Methods

Patients
Full eligibility criteria are reported elsewhere [17, 18] . In brief, eligible patients were aged 1875 years, had active RA, received MTX (7.525 mg/week orally or parenterally) for at least the past 12 weeks (with the final 4 weeks before screening at a stable dose), and had experienced an inadequate response or intolerance to TNF antagonists.
Eligibility criteria for the extension period included completion of the main period up to week 48 and that they met predefined safety criteria irrespective of clinical response (absolute neutrophil count 51.5 Â 10 9 cells/L, platelet count 575 Â 10 9 cells/L, aspartate aminotransferase or alanine aminotransferase 42.5 times upper limit of normal, and levels of immunoglobulin G 5500 mg/dL at the last blood sample analysis; and the patient had not developed any condition that, in the investigator's opinion, precluded the patient receiving further courses of treatment).
Study design and treatment
Full details of the main period have been described previously [17, 18] . In the main period, patients received 42 treatment courses, each comprising two intravenous infusions of study drug (1000 mg CT-P10, US-RTX or EU-RTX) separated by a 2-week interval, co-administered with MTX (7.525 mg/week orally or parenterally) and folic acid (55 mg/week orally). After completing the main period, patients meeting the additional eligibility criteria could enter the extension period and receive a further treatment course comprising two intravenous infusions of CT-P10 or US-RTX at weeks 48 and 50. Patients who received CT-P10 or EU-RTX in the main period received CT-P10 in the extension period. Patients who received US-RTX in the main period were randomly assigned (1:1) to receive CT-P10 or US-RTX. Patients and investigators remained blinded to treatment until study completion. In the extension period, efficacy, PD, safety and immunogenicity were evaluated for 24 weeks until week 72.
The study was conducted according to the Declaration of Helsinki and Good Clinical Practice guidelines [19, 20] . The study design was reviewed and approved by the relevant independent ethics committee at each site. All patients provided written informed consent for the main period and additional written informed consent for the extension period.
Study endpoints and assessments
Disease Activity Score using 28 joints (DAS28) and ACR 20%, 50%, and 70% improvement criteria (ACR20, ACR50 and ACR70, respectively) response rates were evaluated prior to the first infusion of study drug in the extension period (week 48) and then every 8 weeks until week 72. Other efficacy variables assessed during the extension period included hybrid ACR scores, European League Against Rheumatism (EULAR) response rates, 36-Item Short Form Health Survey (SF-36) subscale and component scores, Health Assessment Questionnaire Disability Index (HAQ-DI), joint damage score using the van der Heijde modification of the Sharp (SvdH) scoring system (0448 scale) [21] , and Clinical Disease Activity Index (CDAI) and Simplified Disease Activity Index (SDAI) scores. Post hoc analyses of remission rates by ACR-EULAR Boolean criteria and low disease activity (LDA; including remission) sustainability rates by DAS28 were also performed. PD, safety and immunogenicity assessments were evaluated during the extension period (detailed in Supplementary Table S1, available at Rheumatology online).
Statistical analysis
Continuous data were described using descriptive statistics (n, mean, S.D.), median, minimum and maximum) unless otherwise specified. Categorical data were reported using patient counts and percentages. Baseline was defined as last non-missing value on or before the first infusion of the first treatment course in the main period. The patient populations analysed are described in the Supplementary Methods, available at Rheumatology online. All analyses were conducted using Statistical Analysis System (SAS) software v9.1.3 (SAS Institute, Cary, NC, USA).
Results
Patients
The study was conducted between 6 August 2014 and 25 January 2017. As reported elsewhere [17, 18] , 372 patients were randomized to CT-P10 (n = 161), US-RTX (n = 151), or EU-RTX (n = 60) ( Fig. 1) . Of 331 patients who completed the main period, 36 did not enter the extension period (see Supplementary Table S2 for reasons, available at Rheumatology online). Overall, 295 patients initiated treatment in the extension period (CT-P10/CT-P10 group, n = 122; US-RTX/US-RTX group, n = 64; US-RTX/ CT-P10 group, n = 62; EU-RTX/CT-P10 group, n = 47; Fig. 1 ). Of these, 292 (99.0%) completed this course; one patient from the CT-P10/CT-P10 group and two patients from the US-RTX/CT-P10 group discontinued treatment due to consent withdrawal. Patient demographics and baseline disease characteristics were similar across treatment groups (Table 1) .
Efficacy
Following improvements in disease activity during the main period [17, 18] , mean DAS28-CRP and mean DAS28-ESR continued to decrease over time in the extension period ( Fig. 2A and 2B , respectively). At week 72, mean (S.D.) change in DAS28-CRP from baseline was similar between the four extension period treatment groups: CT-P10/CT-P10, À3.0 (1.20); US-RTX/US-RTX, À3.0 (1.32); US-RTX/CT-P10, À2.9 (1.27); and EU-RTX/CT-P10, À3.0 (1.11). At week 72, mean decreases from baseline in DAS28-ESR were also similar among groups (Fig. 2B ). Ten patients showed worsened disease activity at week 72 (defined as either an increase in DAS28-CRP of 51.2 from the start of the extension period, or an increase in DAS28-CRP of >0.6 but 41.2 from the start of the extension with DAS28-CRP >5.1 at week 72); five (4.2%), two (3.1%), two (3.3%) and one (2.1%) patients in the CT-P10/CT-P10, US-RTX/US-RTX, US-RTX/CT-P10 and EU-RTX/CT-P10 groups, respectively.
The proportion of patients achieving ACR20, ACR50 and ACR70 criteria rose during the extension period ( Fig. 2C) , with a similar proportion of patients in each treatment group showing ACR20, ACR50 and ACR70 responses at week 72 ( Supplementary Fig. S1 , available at Rheumatology online). Comparable improvements in mean hybrid ACR scores among treatment groups were also observed throughout the main period and extension period (Fig. 2D) .
The proportion of patients with good or moderate EULAR-CRP responses increased to a similar degree over the extension period in all treatment groups ( Fig. 2E) . At week 72, the proportion of patients with good or moderate EULAR-CRP responses was 90.8%, 90.6%, 91.7% and 95.7%, in the CT-P10/CT-P10, US-RTX/US-RTX, US-RTX/CT-P10 and EU-RTX/CT-P10 groups, respectively.
The proportion of patients achieving remission by ACR-EULAR Boolean criteria [tender joint count (of 66 assessed), swollen joint count (of 68 assessed), CRP (mg/dL), patient global assessment (010 scale) all 41] increased through the extension period ( Table 2 ). Rates of remission (i.e. DAS28 4 2.6) and LDA (i.e. 2.6 < DAS28 4 3.2) increased through the extension period and were comparable between treatment groups ( Table 2) . Rates of sustained LDA (including remission) for 56 months according to DAS28-CRP or DAS28-ESR were also comparable across treatment groups (Table 2) .
Reductions in mean CDAI and SDAI scores were observed throughout the main and extension periods; these were of similar magnitude across treatment groups ( Supplementary Fig. S2A and S2B, available at Rheumatology online). Mean (S.D.) decreases from baseline in HAQ-DI scores were similar across the treatment groups during the main period (Table 1 ) and extension period, and at week 72 were À0.8 (0.60), À0.7 (0.67), À0.7 (0.52) and À0.8 (0.65) in the CT-P10/CT-P10, US-RTX/US-RTX, US-RTX/CT-P10 and EU-RTX/CT-P10 groups, respectively. Radiographic joint damage progression pattern was also similar across the treatment groups with mean (S.D.) increase from baseline of 1.2 (3.57), 1.5 (2.73), 0.9 (2.48) and 1.6 (2.35) at week 72, respectively. The overlapping cumulative probability distribution plot of SvdH scores is shown in Supplementary Fig. S2C , available at Rheumatology online. Increases in mean physical and mental component summary scores, and all SF-36 eight subscale scores, were observed at week 48 vs baseline (Table 1) and were maintained or increased during the extension period ( Supplementary Fig. S3 , available at Rheumatology online). No differences were observed between the four extension period treatment groups in these scores.
PD
Median B-cell counts decreased to below the lower limit of quantification (LLoQ; 20 cells/mL) immediately following the first infusion of study treatment in the main period and remained at this level to the end of the extension period in all treatment groups. Of patients with detectable baseline Bcell levels and depletion after treatment, the proportion with B-cell values above LLoQ at week 72 was 14/106 (13.2%), 4/59 (6.8%), 5/48 (10.4%) and 3/41 (7.3%) in the CT-P10/ CT-P10, US-RTX/US-RTX, US-RTX/CT-P10 and EU-RTX/ CT-P10 groups, respectively. Of note, there were no discernible differences in median B-cell counts among patients who switched to CT-P10 from the US-or EU-RTX groups, or among the CT-P10/CT-P10 and US-RTX/US-RTX maintenance groups. During the extension period, mean ESR and mean concentrations of CRP, anti-cyclic citrullinated peptide and rheumatoid factor maintained a decreasing trend; mean decreases from baseline in these variables were similar in each treatment group.
Immunogenicity
Most patients tested negative for anti-drug antibodies (ADAs) throughout the main period [17, 18] and the extension period. At the beginning of the extension period, 47 patients were ADA-positive: 15 (12.3%), 9 (14.1%), 13 (21.0%) and 10 (21.3%) in the CT-P10/CT-P10, US-RTX/ US-RTX, US-RTX/CT-P10 and EU-RTX/CT-P10 groups, respectively. At week 72, the numbers of ADA-positive patients were: five (4.1%), two (3.1%), eight (12.9%) and three (6.4%), respectively, with neutralizing antibodies (NAbs) detected in one (0.8%) patient (CT-P10/CT-P10 group). Of the 18 ADA-positive patients at week 72, 16 patients had at least one positive ADA test result up to the baseline of the extension period. The remaining two patients (one each in the US-RTX/US-RTX group and US-RTX/CT-P10 group) had new positive ADA test results after the first infusion of study drug in the extension period. Both patients tested negative for NAbs and achieved remission or LDA according to DAS28-CRP, CDAI and SDAI criteria at week 72; no adverse events were reported for either patient.
Safety
Safety results for the main period are discussed in detail elsewhere [17, 18] ; treatment-emergent AEs (TEAEs) during the extension period, mostly grade 1 or 2 in severity, are shown in Table 3 . The most common TEAEs across all treatment groups were upper respiratory tract infection, urinary tract infection, and infusion-related reactions (IRRs) (Supplementary Table S3 , available at Rheumatology online). Infection TEAEs were grade 1 or 2 in severity, except for one case of grade 3 pneumonia in the US-RTX/CT-P10 group that resolved following
FIG. 1 Patient flow
Reasons for drop-out in the main period have been published previously [18] .
a Includes one patient who did not receive the second treatment course (due to not satisfying safety criteria) and was monitored up to week 48.
b Randomization in the extension period was stratified by the number of courses received in the main period and EULAR-CRP response status (responder vs non-responder) assessed at week 40. c Three patients were discontinued due to consent withdrawal (one in CT-P10/CT-P10, two in US-RTX/CT-P10). EU: European Union; RTX: rituximab; US: United States.
antibiotic treatment. The patient received a second infusion in the extension period and completed the study up to week 72.
Seven serious TEAEs (TESAEs) were reported in five patients during the extension period (Supplementary  Table S4 , available at Rheumatology online). Only two patients experienced a TESAE that was considered to be related to study drug: one in the CT-P10/CT-P10 group (IRR) and one in the US-RTX/CT-P10 group (the pneumonia case described above). No previous IRRs had been reported for this patient and all signs and symptoms of the IRR event were resolved within 30 min of steroid therapy. CT-P10 was permanently discontinued and the patient completed the extension period with safety follow-up. No other TEAE or TESAE led to permanent discontinuation of study treatment. There were no cases of progressive multifocal leukoencephalopathy and no reported malignancies or deaths during the extension period.
Discussion
The extension period of this randomized, active-controlled Phase 3 study demonstrated that after a single switch from either US-RTX or EU-RTX to CT-P10 at week 48, there were no discernible differences in efficacy, PD, immunogenicity or safety. These data provide evidence that switching from reference product to CT-P10 in RA is well tolerated, with no meaningful differences in efficacy and safety. These findings should offer valuable information for treatment decision making when considering a switch to CT-P10 in clinical practice. In addition, long- term evaluation of CT-P10 and reference rituximab (specifically, US-RTX) in the maintenance groups in the current study found these drugs to be similar in terms of all study evaluations assessed for up to 72 weeks. These results confirm that CT-P10 provides an effective alternative for patients requiring rituximab therapy, supporting the recent Values for all data points in (AD) are provided in Supplementary Tables S5S8, available at Rheumatology online. Data are shown for the efficacy population [17] (including the second treatment course subset [18] ) and the extension period subset beyond weeks 24 and 48, respectively. DAS28: Disease Activity Score using 28 joints; EU: European Union; RTX: rituximab; US: United States.
approval of CT-P10 in territories including Europe for the treatment of RA and other B-cellrelated diseases. Our analyses support the week 24 and week 48 findings of this study, which demonstrated the PK equivalence of CT-P10, US-RTX and EU-RTX; the efficacy equivalence of CT-P10 vs a pooled group of patients receiving US-RTX or EU-RTX; and comparable PD, immunogenicity and safety profiles between CT-P10 and its reference product [17, 18] . The data are also consistent with a previous Phase 1 study in patients with RA in which PK equivalence of single courses of CT-P10 and EU-RTX was demonstrated at week 24 [14] , as well as with additional results of that study which showed that (i) the efficacy, PK, PD, immunogenicity and safety of up to two treatment courses of CT-P10 and EU-RTX were comparable up to week 72 [22] , and (ii) in a subsequent open-label extension of 56 weeks' duration, the efficacy and safety of continuous CT-P10 usage was comparable to that of switching from EU-RTX to CT-P10 [23] .
A key strength of this Phase 3 study is that it assessed the similarity of CT-P10 and both the US and EU formulations of rituximab. However, a lack of a control group maintained on EU-RTX for the duration of the study including the extension period meant it was not possible to compare long-term results among CT-P10/CT-P10, US-RTX/US-RTX and EU-RTX/EU-RTX maintenance groups. Nevertheless, data from the main period and the extension period together provide evidence of a stable therapeutic effect with CT-P10 over three treatment courses, as well as single switch data from the reference product.
Efficacy and safety of longer-term treatment with rituximab in patients with RA has been assessed in the 5-year follow-up REFLEX study [24] . In REFLEX, patients were given 45 courses of rituximab 'as-needed', with the results demonstrating that re-treatment was associated with maintained or improved efficacy. In addition, a pooled observed case analysis of >3000 patients, who received 417 courses of rituximab indicated that rituximab was associated with no increased safety risk up to 9.5 years [25] . Data on the comparability of other rituximab biosimilars to reference product are also available [2630] . To our knowledge, this and past reports on CT-P10 [14, 15, 17, 18, 22, 23] provide the most extensive and rigorously analysed set of published data on the efficacy, safety and other clinical properties of a rituximab biosimilar.
Although rituximab is an established effective treatment option for RA patients with an inadequate response or intolerance to anti-TNF biologics [31] , patient access can be highly restricted, particularly in lower income countries [32] . Effective biosimilar availability can ultimately result in considerably increased access to effective biological treatments. Recent EULAR and ACR consensus recommendations, largely based upon expert opinion, state that approved biosimilars should be preferred if they are appreciably cheaper than their reference products [33, 34] , and the replacement of certain originator biologics with biosimilars has already begun apace. For example, CT-P13, an infliximab biosimilar, has been utilized for RA and other immune-related inflammatory disorders, partly due to positive results of studies that have assessed the efficacy and safety of switching to CT-P13 from infliximab, including the large Phase 4 NOR-SWITCH trial [3538] . However, more clinical trial data and real-world evidence are required to further strengthen the case for switching.
In conclusion, this Phase 3 extension study demonstrated that switching from US-RTX or EU-RTX after two treatment courses had no adverse effect on the efficacy, PD, immunogenicity and safety of a third treatment course with CT-P10, vs patients who remained on CT-P10 or US-RTX throughout the three treatment courses. CT-P10 appears efficacious and well tolerated up to week 72 in patients with RA.
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